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Supplemental Instruction for
Developmental Mathematics:
Two-Year Summary
Olen Dias, Alice Welt Cunningham, and Loreto Porte
Hostos Community College

This article summarizes the results of a new supplemental
instruction (SI) program for developmental mathematics at
Hostos Community College, one of six community colleges
of the City University of New York. Results of a one-semester
pilot study, including details regarding the college’s population and supplemental instruction program, can be found in
the February 2015 issue of MathAMATYC Educator (Flek,
Cunningham, Porte, Dias, & Baker, 2015). The present
report summarizes relevant recent literature and analyzes the
program’s overall results from the first two years in terms
of course performance and retention. Suggestions for future
research follow.

Background

Supplemental instruction—the use of trained student tutors
conducting additional course sessions in a group-work format
to support student learning—has been in use at the college
level for over forty years (Hurley, Jacobs, & Gilbert, 2006;
Kenney & Kallison, 1994; Phelps, 2006, 2012). Through
group work facilitated by trained peer leaders (PLs), the
strategy is intended to promote participatory rather than passive learning, thus fostering the independent learning, critical
thinking, and time-management skills necessary to college
success (Hurley et al., 2006; Karp & Bork, 2014).
Academic success during a student’s first year is crucial to persistence toward graduation (Grillo & Leist, 2014;
Peterfreund, Rath, Xenos, & Bayliss, 2008), particularly in
the STEM disciplines and for students from underrepresented
minorities (Peterfreund et al., 2008). By facilitating student
integration into the university’s social fabric in an academic
context, the SI strategy supports such success, alleviating
isolation (Hurley et al., 2006; Phelps, 2006), while promoting the development of study skills and independent thinking
(Hurley et al., 2006; see also Grillo & Leist, 2014; Peterfreund
et al, 2008, Phelps, 2006). While some studies do not report
a persistence effect even into the following semester (Oja,
2012), recent research stresses SI’s impact on improved academic performance as the link to academic persistence through
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graduation and beyond (Grillo & Leist, 2014; Peterfreund
et al., 2008).
However, the SI strategy was intended for high-risk college level courses—those with high withdrawal and failure
rates—rather than for high-risk students (Hurley et al., 2006;
see also Drake, 2011; Phelps, 2006; Wright, G., Wright, &
Lamb, 2002). This approach has extended even to community
colleges, on the theory that the strategy owes its success in
part to its “enjoy[ment of] a nonremedial image,” thus removing the stigma of relegation to remedial coursework (Hurley
et al., 2006, p. 13; Zaritsky & Tocce, 2006).
Use of the strategy in developmental mathematics
courses has been both more recent in its introduction (Wright
et al., 2002) and more problematic in promoting academic
success. While some studies have shown enhanced student
performance (Phelps, 2006), others have found results to be
dependent on favorable motivation, whether on the part of the
instructor or on the part of the students (Drake, 2011; Wang,
Betne, Dedlovskaya, & Zaritsky, 2012; Wright et al., 2002).
Possibly because of employment and family distractions common to community college students (Karp & Bork, 2014),
concerns have been expressed regarding the success of the SI
strategy at the developmental level (Wright et al., 2002; see
also Wang et al., 2012).This two-year program summary suggests otherwise. The analyses follow.

Methodology
The Program
During the four semesters summarized in the present report,
SI was new to the College. The program was implemented
for both of the college’s developmental mathematics courses,
Math 10 (Basic Math Skills) and Math 20 (Elementary
Algebra). For further details, see Flek et al., 2015. The SI
courses were not distinguishable in the online registration
schedule (Hostos Office of Institutional Research (OIR),
2014), thus making the study quasiexperimental (DePree,
1998). The number of students involved (5403) and their
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Table 1. Number of SI- and non-SI Sections and Students during First Two Years
Semester

Course

SI
Sections

Non-SI
Sections

Total
Sections

SI
Students

Non-SI
Students

Total
Students

Fall
2012

Math 10
Math 20
Overall

5
0
5

16
28
44

21
28
49

131
0
131

405
701
1106

536
701
1237

Spring
2013

Math 10
Math 20
Overall

4
3
7

19
27
46

23
30
53

109
88
197

478
768
1246

587
856
1443

Fall
2013

Math 10
Math 20
Overall

4
3
7

18
26
44

22
29
51

111
88
199

501
684
1185

612
772
1384

Spring
2014

Math 10
Math 20
Overall

3
4
7

17
26
43

20
30
50

73
117
190

396
753
1149

469
870
1339

Total

Math 10
Math 20
Overall

16
10
26

70
107
177

86
117
203

424
293
717

1780
2906
4686

2204
3199
5403

distribution among the SI and non-SI cohorts (717 and 4686,
respectively), appear in Table 1.
The Analyses
All data come from the college’s Office of Institutional
Research (Hostos Community College, 2014). Separate analyses of results for the Math 10 and Math 20 cohorts appear in
the one-semester pilot summary (Flek et al., 2015). However,
as the goal of both courses is exit from remediation into creditbearing college-level courses, this two-year program overview
considers results for both courses combined.
Program success is measured by both academic performance and course retention. As to academic success, this
summary analyzes the combined Math10/Math 20 course pass
rate both on an overall and a semester-by-semester basis, in
each case using both a sample vs. population mean analysis
(SI vs. overall results), and a proportional analysis (SI vs.
non-SI results). Pass rate is analyzed in two ways. First, due
to the relatively high drop-out rate and peculiarities of the
university’s grading system for these courses, success of the
program is measured by the course pass rate for all students
1
Pursuant to university mandate, students who cease attending class
are graded WU, a punitive grade with financial aid consequences (Hostos
Community College, 2015). Due to such consequences, many professors
accord absent students a grade of R (for “Repeat”) or F, thus obscuring the
actual withdrawal rate (Dias, 2014).
www.amatyc.org

taking the requisite final examination.1 Second, the summary
considers the course pass rate for all students enrolled. In each
case, the Math 20 final examination is a university-wide exit
test necessary to successful course completion.
As for course retention, the analysis first considers as retained all students remaining in the course, whether or not taking the final examination, as a percentage of total enrollment.2
The second test considers as retained only those students taking the final examination as a percentage of total enrollment.3
All analyses calculate percent change by taking the difference between the treated (SI) and base cohorts as a percentage of the base cohort, with the base cohort calculated as an
average of the two cohorts to provide a more conservative
estimate of program gains (Goodwin, Nelson, Ackerman, &
Weisskopf, 2009; Remler & Van Ryzin, 2014). Availability
2
This analysis measures all students receiving grades of A, B, C, R, NC,
F, INC/FIN. The grade of R or NC is given to students who failed the course
but who made significant progress; INC to students completing all coursework except for the final examination; and FIN to students who subsequently
fail to make up the final examination (Hostos Community College, 2015).
3
For both performance and retention analyses, enrollment is measured
using the college and university standard: all students registered minus those
not present after the first three weeks, whether because they never appeared
(WN); were dropped for failure to meet state-mandated immunization requirements (WA); or because they withdrew within that time period (WD); often
for financial aid reasons (Hostos OIR, 2014).
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of the population standard deviation permits calculation of
statistical significance using a standard normal distribution (a
z-score).

Results

The data show no course-retention effect for the SI- over the
non-SI cohort, with retention in each case approximately
85% (Hostos OIR, 2014). However, the increase in academic
performance, as measured by course pass rate, shows an
overall increase for the SI over the non-SI cohorts from 52%
to 59% for all students taking the exam and from 44% to 50%
for all students enrolled (Table 2). This performance increase
is significant to at least 0.01%, regardless of whether a mean
or proportional analysis is used. Moreover, for the semesters showing a significant academic performance difference
between the cohorts, the course pass rate for all SI students
taking the final examination approached two-thirds, compared
to the non-SI pass rate of approximately one half (Table 4 and
Figure 1). Summaries follow.
In evaluating the developmental course pass rate, the
analyses consider both all four semesters overall and each
semester separately.

Overall two-year results
The SI increase in the overall course pass rate, taking into
account both courses for all four semesters, is significant at a
0.01 significance level. This result holds true whether using a
sample vs. population mean analysis or a proportional analysis. Table 2 summarizes these results.
Semester-by-semester results
Whether using a sample mean or proportional analysis, two
of the four semesters (fall 2012 and spring 2014) demonstrate
a significant positive SI effect, with p-values in each case of
0.001 or less. For those two semesters, the pass rate for students taking the final examination jumped from approximately
one-half for the non-SI cohort to two-thirds for the SI cohort.
The remaining two semesters show either a small positive SI
effect (fall 2013) or a negative effect sufficiently small to lack
statistical significance at the 0.01 significance level applied
throughout the present report (spring 2013). No reason is
known for the spring 2013 performance dip, other than the
program’s small number of SI sections in its first two years,
thus giving outsize effect to random disparities in student skill
sets. Tables 3 and 4 summarize the relevant mean and proportional analyses.

Table 2. Two-Year Combined Math 10/Math 20 Developmental Course Pass Rate
No. passing/No. who took exam
Pass Rate =

Sample
vs.
population
mean
(SI vs. total)

Proportional
(SI vs. non-SI)
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( A + B + C)
 WN, WA, WD, W 
Enrolled − 

 WU, INC, FIN 

No. passing/No. enrolled
Pass Rate =

( A + B + C)
Enrolled − ( WN, WA, WD )

Sample values

n = 717, x = 0.59, N = 5403,
μ = 0.53, σ = 0.167

n = 717, x = 0.50, N = 5403,
μ = 0.45, σ = 0.152

Point
difference

6

5

% difference

10.71%

10.53%

p-value
(all one-tailed)

3.34 × 10 −22
Significant at α = 0.001

6.45 × 10 −19
Significant at α = 0.001

Sample values

n1 = 717, p1 = 0.59, n2 = 4686, p2 = 0.52

n1 = 717, p1 = 0.50, n2 = 4686, p2 = 0.44

Point
Difference

7

6

% Difference

12.61%

12.77%

p-value
(all one-tailed)

2.303 × 10 −4
Significant at α = 0.001

1.43 × 10 −3
Significant at α = 0.01
MathAMATYC Educator · Vol. 7, No. 2 · February 2016

Table 3. Semester-by-Semester Course Pass Rate (SI Sample vs. Population Mean)

Number
passing
vs.
number who
took exam

Number
passing
vs.
number
enrolled

Fall 2012

Spring 2013

Fall 2013

Spring 2014

Sample values

n = 131
x = 0.66
N = 1237
μ = 0.50
σ = 0.17

n = 197
x = 0.51
N = 1443
μ = 0.53
σ = 0.16

n = 199
x = 0.57
N = 1384
μ = 0.56
σ = 0.19

n = 190
x = 0.65
N = 1339
μ = 0.53
σ = 0.18

Point difference

16

–2

1

12

% difference

27.59%

–3.85%

1.77%

20.34%

p-values
(all one-tailed)

2.38 × 10 −27
Significant at
α = 0.001

0.0397
Significant only
at α = 0.05,
not 0.01

0.229
Not significant
at α = 0.1

2.01 × 10 −20
Significant at
α = 0.001

Sample values

n = 131
x = 0.56
N = 1237
μ = 0.42
σ = 0.16

n = 197
x = 0.43
N = 1443
μ = 0.44
σ = 0.13

n = 199
x = 0.49
N = 1384
μ = 0.50
σ = 0.16

n = 190
x = 0.54
N = 1339
μ = 0.45
σ = 0.15

Point difference

14

–1

–1

9

% difference

28.57%

–2.23%

–2.02%

18.18%

p-values
(all one-tailed)

6.69 × 10 −24
Significant at
α = 0.001

0.1401
Not significant
at α = 0.01

0.189
Not significant
at α = 0.01

6.75 × 10 −17
Significant at
α = 0.001

The frequency polygons in Figure 1 reflect semester-bysemester academic performance for both the overall developmental group and for the SI- and non-SI cohorts considered
separately, providing further support for the SI strategy.

Figure 1. Semester-by-semester Pass Rate for
SI-, non-SI, and All Students Combined

Retention Results
By contrast, the two-year retention summary shows no significant course-retention differences among the SI- and non-SI cohorts, even at the 95% confidence level. Because of the heavy
withdrawal rate at the developmental level, the analysis first
considers as retained all students who remain in the course
through the end of the semester, whether or not taking the final
examination, as a percentage of total enrollment. Second, the
analysis considers as retained only those students taking the
final examination as a percentage of total enrollment. Details
are set forth in the Appendix.

www.amatyc.org
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Table 4. Semester-by-Semester Proportional Course Pass Rate (SI- vs. non-SI)

Number
passing
vs.
number
who took
exam

Number
passing
vs.
number
enrolled

Discussion

Fall 2012

Spring 2013

Fall 2013

Fall 2014

Sample values

n1 = 131
p1 = 0.66
n2 = 1106
p2 = 0.48

n1 = 197
p1 = 0.51
n2 = 1246
p2 = 0.53

n1 = 199
p1 = 0.57
n2 = 1185
p2 = 0.56

n1 = 190
p1 = 0.65
n2 = 1149
p2 = 0.51

Point difference

18

–2

1

11

% difference

31.58%

–3.85%

1.77%

24.14%

p-values
(all one-tailed)

0.00006
Significant at
α = 0.001

0.282
Not significant

0.413
Not significant

0.0002
Significant at
α = 0.001

Sample values

n1 = 131
p1 = 0.56
n2 = 1106
p2 = 0.40

n1 = 197
p1 = 0.43
n2 = 1246
p2 = 0.44

n1 = 199
p1 = 0.49
n2 = 1185
p2 = 0.51

n1 = 190
p1 = 0.54
n2 = 1149
p2 = 0.43

Point difference

14

–1

–2

11

% difference

33.33%

–2.30%

–4%

22.68%

p-values
(all one-tailed)

0.00026
Significant at
α = 0.001

0.362
Not significant

0.280
Not significant

0.003
Significant at
α = 0.01

The data from the four semesters since the program’s inception
demonstrate the positive impact of the SI strategy in fostering academic performance. This result holds true, to at least a
0.01 significance level, both for a sample mean analysis (SI vs.
combined, p < 0.001) and for a proportional analysis (SI vs.
non-SI, p < 0.01). Overall, the course pass rate for SI students
compared to their non-SI counterparts increased from 52% to
59% for all students taking the final exam and from 44% to
50% for all students enrolled (Table 2). On a semester-by-semester basis, while two of the four semesters (spring–fall 2013)
evidenced no significant difference at the 0.01 significance
level, the SI course pass rate for the remaining two semesters
grew from approximately one half to close to two thirds for students taking the final examination (Tables 3 and 4, Figure 1).
No significant effect can be found for the impact of the SI
strategy on retention in the course itself. However, SI literature supports the impact of academic success on subsequent
retention, particularly for the STEM disciplines and underrepresented minorities. Thus, the impact of the college’s new SI
program may well exceed its immediate academic success.
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Conclusions and Suggestions for
Further Research

Overall, notwithstanding earlier literature to the contrary, our
results to date support the success of the SI strategy, even for
developmental mathematics students. The college’s program
continues to expand. Areas for further research include tracking
SI students’ subsequent academic performance and retention
both in mathematics and other courses. Also of interest are
beginning and end-of-semester questionnaires for both cohorts
exploring such issues as performance expectations and mathematics anxiety. Many of these explorations are already in train.
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Appendix
Supplemental Instruction for Developmental Mathematics: Two-Year Summary
Continued from page 9.

Table 5A. Semester-by-semester Proportional Retention Analysis (All Students Remaining Through Semester-End)
Grades ( A–C, R, NC, F, INC/FIN)

Fall 2012

Spring 2013

Fall 2013

Spring 2014

Sample values

n1 = 131
p1 = 0.85
n2 = 1106
p2 = 0.85

n1 = 197
p1 = 0.85
n2 = 1246
p2 = 0.82

n1 = 199
p1 = 0.88
n2 = 1185
p2 = 0.90

n1 = 190
p1 = 0.83
n2 = 1149
p2 = 0.86

Point difference

0

3

–2

−3

% difference

0%

3.59%

–2.25%

–3.6%

p-values
(one-tailed except as noted *)

* 0.938
Not significant

^ 0.16
Not significant

# 0.193
Not significant

# 0.112
Not significant

Enrollment − ( WN, WA, WD )

Note: In each of the four semesters, the p-value is not less than α = 0.05, and the confidence interval contains the value
of zero, thus permitting a conclusion of no difference and precluding rejection of the null hypothesis (Triola, 2010).
* p = 0.938, two-tailed.

^ p = 0.16, right-tailed.

# p = 0.193, p = 0.112; both left-tailed.

Table 5b. Semester-by-semester Proportional Retention Analysis (All Students Taking Final Exam)
Grades ( A–C, R, NC, F )

Enrollment − ( WN, WA, WD )

Fall 2012

Spring 2013

Fall 2013

Spring 2014

Sample values

n1 = 131
p1 = 0.85
n2 = 1106
p2 = 0.84

n1 = 197
p1 = 0.85
n2 = 1246
p2 = 0.82

n1 = 199
p1 = 0.87
n2 = 1185
p2 = 0.90

n1 = 190
p1 = 0.83
n2 = 1149
p2 = 0.85

Point difference

1

3

–3

–2

% difference

1.2%

3.59%

–3.39%

–2.38%

p-values

^ 0.414
Not Significant

^ 0.167
Not significant

# 0.099
Not significant

# 0.207
Not significant

^ p = 0.414, p = 0.167; both right-tailed.
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# p = 0.099, p = 0.207; both left-tailed.
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